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Fluid balance in critically ill 
neonates – ways to 
improve it
ABSTRACT
Fluid balance is an essential element of intensive care in critically ill neonates. Fluid and electrolyte management is carried 
out by constant and precise assessment of total fluid intake and output, frequent laboratory monitoring and fluid balance 
documenting. Accurate continuous and controlled intravenous fluid and drug administration via infusion pumps is crucial. 
One of the greatest “costs” of fluid and electrolyte status monitoring in critically ill neonates is the volume of blood required 
for its achievement. A significant volume of blood is required for laboratory testing and increases the need for red blood cell 
transfusions. In our retrospective observational study we evaluated the fluid balance in 30 critically ill neonates admitted to a 
level III multidisciplinary neonatal and paediatric intensive care unit (ICU) at the University Medical Centre Ljubljana (UMCL), 
between September 2011 and January 2012. The information generated by this study provided a basis for the improvement 
of existing management of fluid balance in critically ill neonates.
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Introduction
Despite advances in the management 
of critically ill neonates, fluid balance, 
together with thermal regulation and 
oxygenation, remains a central feature 
of modern supportive neonatal intensive 
care. (1) Fluid balance is a term used 
to describe the balance of intake and 
output of fluids by the patient, allowing 
metabolic processes to run properly. 
Inadequate administration of fluids can 
result in hypovolaemia, hyperosmolarity, 
metabolic abnormalities and renal 
failure. In near term and term neonates 
excess fluid administration results in 
generalized oedema and abnormalities 
of pulmonary function. (2)
The volume of fluids administered to 
critically ill neonates is usually calculated 
using a weight-based formula and 
depends on gestational age, post-birth 
age and the patient’s clinical status. 
The volume of fluid requirements is a 
sum of maintenance fluid, deficit needs 
and ongoing losses (e.g. diarrhoea, 
ostomy or chest tube drainage). (1) It is 
essential that accurate hourly records 
are kept of all fluid intake (intravenous 
solutions, drugs and flushing solutions) 
and of fluid output (blood samples, body 
fluid aspirations, urine, stool, vomit or 
other fluid drainage) to maintain optimal 
fluid balance. (3) 
Umbilical artery and venous catheter 
placement is a standard of care in the 
neonatal intensive care unit. These 
catheters allow rapid and reliable access 
to the vascular system of critically 
ill neonates. The umbilical arterial 
catheter is an ideal line for laboratory 
monitoring, as well as for invasive 
blood pressure monitoring. In neonates 
with an omphalocele, gastroschisis, 
omphalitis, necrotizing enterocolitis, 
peritonitis and in neonates undergoing 
abdominal surgical procedures, a 
central venous line and/or peripheral 
arterial line should be provided. (4)
Intravenous fluid input in critically ill 
neonates consists of continuous and 
controlled intravenous delivery of drugs 
(such as inotropic agents, vasopressor 
agents, vasodilators, analgesics, 
sedatives, insulin, heparin, etc.), 
parenteral nutrition (PN) and intermittent 
intravenous drugs (antibiotics, calcium, 
sodium bicarbonate, etc.). Special 
infusion pumps, that can regulate fluids 
and medication at a precision rate of 
0.1 mL/hour or less, should be used for 
the administration of intravenous fluids. 
(1) Critically ill neonates often require 
volume replacement to maintain and/
or restore adequate tissue perfusion. 
Volume expansion is accomplished by 
crystalloids, colloids, or various types of 
blood products.
PN provides energy and nutrients in 
sufficient quantities to allow normal 
growth and development. Neonates 
tolerate PN from day 1 of post-natal 
life. Electrolyte intake must be adjusted 
according to the results of regular 
laboratory analyses performed during 
the time of PN. (5) Although PN is used 
widely in the management of critically ill 
neonates, a swift and smooth transition 
to enteral feeding is recommended. 
Antibiotics are frequently used in 
critically ill neonates. Newborn infants 
are especially vulnerable to nosocomial 
infections because of their intrinsic 
susceptibility to infection as well as 
the invasive procedures to which they 
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are subjected. (6) Some antibiotics 
have to be diluted according to the 
pharmaceutical instructions.
During the first weeks of life, blood 
loss attributable to laboratory testing 
is acknowledged as the primary factor 
leading to anaemia in critically ill 
neonates. (7) Red blood cell (RBC) 
transfusions are required when 10 % or 
more of blood volume (80 mL/kg body 
weight in the full term neonate; 100 mL/
kg body weight in the preterm neonate) 
is drawn over 2-3 days or less. (8)
Neonate’s kidneys have a limited 
ability to concentrate urine. Although 
delayed micturition in a healthy infant 
is of no concern until after 24 hours 
postpartum, urine output in a critically 
ill infant must be assessed after the first 
8 to 12 hours of life. Oliguria is defined 
by urine flow less than 1 mL/kg/h. (9) 
Close monitoring of the urine volume is 
essential, using urethral catheterization 
when indicated, or adhesive urine bags 
and preweighed diapers.
Methods
We retrospectively evaluated the 
fluid balance in critically ill neonates 
admitted to the level III multidisciplinary 
neonatal and paediatric intensive care 
unit (ICU) at the University Medical 
Centre Ljubljana (UMCL), between 
September 2011 and January 2012. 
The data on total fluid intake (enteral 
intake, PN, continuous and intermittent 
intravenous drug and fluid delivery, 
and RBC transfusions) and total fluid 
output (volume of blood samples, urine, 
drainage) were collected from patient’s 
charts. Neonates were divided into the 
surgical and non-surgical group. Data 
were presented as mean ± standard 
deviation (SD) or the median with inter-
quartile range (IQR). The independent-
samples t-test was used for comparison 
of normally distributed data and Mann-
Whitney U test for comparison of not 
normally distributed data. Categorical 
data were presented as proportions 
and compared by the Chi-square test. 
Differences were considered to be 
statistically significant at a level of p < 
0.05. Statistical analysis was performed 
using MedCalc statistical software.
Results
Documentation from 30 critically ill 
neonates (11 female and 19 male), 
admitted to the paediatric and neonatal 
ICU between September 2011 and 
January 2012, was evaluated. There 
were 9 (30 %) surgical and 21 (70 
%) non-surgical patients. Diagnoses 
in surgical neonates were: caecal 
perforat ion 2, arachnoid cyst 1, 
oesophageal  a t res ia  1 ,  gast r ic 
perforation 1, duodenal malrotation 1, 
omphalocele 1, necrotizing enterocolitis 
1 and pulmonary atresia 1. Diagnoses in 
non-surgical neonates were: respiratory 
distress syndrome 13, apnoeic attacks 
2, convulsions 2, meconium aspiration 
1, perinatal asphyxia 1, haematemesis 
1 and bronchopulmonary dysplasia 
1. The patients’ characteristics are 
summarized in table 1. All neonates had 
at least one central catheter or arterial 
line for blood sampling (table 1). 
The mean volume of intravenous fluid 
intake was 91 ± 40 mL/kg/day and 
of enteral intake 32 ± 24 mL/kg/day 
with no statistical differences between 
groups (p = 0.2753 and p = 0.1735 
respectively) (figure 1).
The mean volume of blood drawn in 
critically ill neonates in ICU is shown in 
figure 2A. The mean number of blood 
samples taken was 3.8 ± 0.8 per day 
(3.9 ± 0.5 per day in surgical and 3.7 ± 










Mean birth weight ± SD 2539 ± 868 g 2767 ± 718 g 2698 ± 758 g *0.4615
Mean gestational age ± SD 36 ± 3 weeks 36 ± 3 weeks 36 ± 3 weeks *0.8482
Mean ICU stay ± SD 14 ± 10 days 6 ± 3 days 9 ± 7 days *0.0017
No. of patients on mechanical ventilation 
(percentage)
8 (89 %) 21 (100 %) 29 (97 %) **0.6614
No. of patients with central venous catheter 
(percentage)
7 (78 %) 3 (14 %) 10 (33 %) **0.0038
No. of patients with peripheral arterial line 
(percentage)
4 (44 %) 2 (10 %) 6 (20 %) **0.0929
No. of patients with umbilical venous catheter 
(percentage)
4 (44 %) 18 (86 %) 22 (73 %) **0.0615
No. of patients with umbilical arterial catheter 
(percentage)
1 (11 %) 7 (33 %) 8 (27 %) **0,4200
No. of patients with percutaneous central 
venous silastic catheter (percentage) 
2 (22 %) 2 (10 %) 4 (13 %) **0.7291
No. of patients with urinary catheter 
(percentage)
8 (89 %) 19 (91 %) 27 (90 %) **0.5960
ICU, intensive care unit; SD, standard deviation.
* t-test; ** Chi-square test.
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3.6 mL per patient per day in surgical 
and 3.9 mL per patient per day in non-
surgical neonates. 
Fifty percent of critically ill neonates (78 
% of surgical and 38 % of non-surgical 
neonates p = 0.1156; Chi-square test) 
received 39 units of RBC transfusions, 
equalling median 8 (33) mL/kg of blood 
per neonate during the study period. 
Surgical neonates received significantly 
higher median volume of blood (39 (129) 
mL/kg) in comparison to non-surgical 
neonates (0 (20) mL/kg); p = 0.0106, 
Mann-Whitney U test (figure 2B)). 
Continuous and intermittent intravenous 
therapy in surgical and non-surgical 
neonates is shown in figure 3.
The most frequently used antibiotics 
in our study were ampicil l in and 
gentamicyn (no statistical differences 
between the groups; p = 0.7701, and p 
= 0.7072, respectively; Chi-square test). 
Fentanyl in continuous infusion was 
more often used in surgical neonates 
(p = 0.0088; Chi-square test), while no 
significant differences were noticed for 
midazolam and dopamine between the 
groups (p = 0.7701, and p = 0.7532, 
respectively; Chi-square test). 
The mean urine output was 4.7 ± 1.8 
mL/kg/h with no statistical differences 
between surgical (5.1 ± 1.5 mL/kg/h) 
and non-surgical neonates (4.5 ± 1.9 mL/
kg/h); p = 0.4006, t-test. The other losses 
(figure 4) were more often in surgical (78 
%) than in non-surgical neonates (9 %) (p 
= 0.0010; Chi-square test). 
Discussion
Fluid management of crit ically i l l 
neonates can be improved in several 
ways. The results of our study showed 
that fluid balance in neonates in our ICU 
can be improved by exact calculation 
of drug dilution, less frequent blood 
sampling and introduction of closed 
blood sampling systems.
Critically ill neonates in ICU receive 
a plethora of medications; both 
intermittent and in continuous infusions. 
Several clinical conditions demand that 
all the medication and alimentation is 
delivered in a restricted daily volume 
of fluid. Almost 10 % of all fluid intakes 
in our patients were delivered in the 
Cont.th., continuous therapy; inter.th., intermittent therapy; PN, parenteral nutrition.
Figure 1.  Comparison of total fluid intake in surgical (A) and non-surgical 
neonates (B).
RBC, red blood cell.
Figure 2.  Comparison between volume of blood samples taken (A) and RBC 
transfusions (B) in surgical and non-surgical neonates.
Figure 3.  Percentage of continuous (A) and intermittent (B) intravenous the-
rapy in surgical and non-surgical neonates.
Figure 4.  Percentage of surgical 
and non-surgical neonates 
with losses via nasogastric 
tube, chest drainage and 
anus praeter.
0.8 per day in non-surgical patients with 
no significant differences between the 
groups; p = 0.4910; t-test). Less than 
one third (31%) of blood samples in all 
patients were taken for microanalysis.
As the usual volume of drawn back 
mixture of fluid and blood from an 
umbilical arterial or peripheral arterial 
line is 2.0 mL, before blood sampling, 
we estimated that approximately one 
half of it is blood. Consequently, the 
additional estimated blood loss due to 
blood sampling from arterial lines was 
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form of cont inuous medicat ion, 
among which fentanyl and midazolam 
were the commonest. Therefore, we 
should reconsider using less diluted/
more concentrated infusions of these 
drugs. New infusion pumps provide 
an opportunity for very precise delivery 
of the infusion at a rate of 0.01 mL/h. 
Furthermore, intermittent intravenous 
medications (antibiotics, diuretics, 
antacids, etc…) should be diluted as 
little as allowed, and pharmaceutical 
instructions for drug dilution in neonates 
should be implemented and followed. 
Diagnostic blood sampling can be 
restricted and rationalized by avoiding 
all unnecessary laboratory testing, 
using combinat ions of  di f ferent 
tests, coordination of laboratory and 
clinical staff and use of small-volume/
paediatric phlebotomy tubes. The 
availability of the new bedside, “point-
of-care” analysers (I-STAT Abbot, 
Radiometer Copenhagen ABL 800), 
that require smaller volumes for blood 
gas and electrolyte analysis with 
rapid turn-around times, provides the 
opportunity to decrease blood loss from 
phlebotomy and potentially decrease 
the need for transfusions. (10) In our 
study less than one third of all blood 
samples were taken for microanalysis, 
and patients were submitted to blood 
sampling almost four times per day. 
Use of transcutaneous pO2/pCO2 
measurement can reduce the number 
of  b lood sampl ing procedures, 
particularly during a period when 
rapid changes in O2 administration 
or mechanical ventilator settings are 
taking place. (11)
Blood conservation and consistent sam-
pling are critical for optimal pediatric 
and neonatal care. (12) Implementing 
closed blood sampling systems can 
reduce the need for RBC transfusions 
in critically ill neonates. During the 
sampling process via an open blood 
sampling system, a small amount of 
blood is drawn into a “waste” syringe 
to clear the umbilical/central vessel 
catheter of infusion fluid, after which the 
blood sample is taken. In most cases 
this blood is not returned to the neonate, 
as it may contain red blood cells that 
have been damaged by haemolysis 
or agglutination by contact with the 
infusion solution. Normal saline is the 
solution least likely to injure red blood 
cells. (13) Conversely, closed blood 
sampling systems include integrated 
reservoirs, which conserve the precious 
blood volume of the neonate, and after 
a clear pure blood sample is drawn 
for an accurate laboratory analysis, 
the unused blood and saline are 
returned to the neonate. In our ICU 
we usually return the mixture of fluid 
and blood taken from a central venous 
catheter, before blood sampling, but 
not from an arterial line. The results 
of our study showed that with closed 
blood sampling systems we were able 
to salvage 3.6 mL blood per day per 
surgical and 3.9 mL blood per day per 
non-surgical neonate with an arterial 
line. On average, during a 1-2 week ICU 
stay, the volume of thusly conserved 
blood would amount to the volume of 
one blood transfusion in a neonate. To 
avoid this sort of unnecessary blood 
loss, we are introducing the closed 
blood sampling systems in our ICU. 
In conclusion, results of our study show 
that there are several areas in fluid 
management in our neonates, which 
should be reconsidered and improved. 
Optimization of drug dilution, precise 
documentation of fluid intake and 
output, introduction of closed blood 
sampling systems and less frequent 
laboratory testing will allow for better fluid 
management of critically ill neonates. 
